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An element-arrangement pattern is composed of two types of elements that differ in the ways in 
which they are arranged in different regions of the pattern. We report experiments on the perceived 
segregation of chromatic element-arrangement patterns composed of equal-size red and blue 
squares as the luminances of the surround, the interspaces and the background (surround plus 
interspaces) are varied. Perceived segregation was markedly reduced by increasing the luminance 
of the interspoces. Perceived segregation was approximately constant for constant ratios of 
interspace luminance to square luminance and increased with the contrast ratio of the squares. 
Unlike achromatic element-arrangement patterns composed of squares differing in lightness [Beck 
et al (1991). Vision Research, 32, 719-743] perceived segregation did not decrease when the 
luminance of the interspaces was below that of the squares. Similar results were obtained for red 
and yellow, red and green, green and yellow, green and blue, and blue and yellow squares. 
Perceived segregation based on edge alignment was not interfered with by high intensity 
interspaces. Stereoscopic cues that caused the squares composing the element-arrangement pattern 
to be seen in front of the interspaces did not greatly improve perceived segregation. One 
explanation of the results is in terms of inhibitory interactions among achromatic and chromatic 
cortical cells tuned to spatial frequency and orientation. Alternately, the results may be explained in 
terms of how the luminance of the interspaces affects the grouping of the squares for encoding 
surface representations. Neither explanation accounts fully for the data and both mechanisms may 
be involved. Copyright © 1996 Elsevier Science Ltd. 
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INTRODUCTION 
A widespread view is that much of texture segregation 
can be accounted for by differences in the spatial- 
frequency content of texture regions, and several research 
groups have proposed theoretical models describing 
possible mechanisms to account for experimental results 
(Sutter et al., 1989; Fogel & Sagi, 1989; Malik & Perona, 
1990; Nothdurft, 1990; Bergen & Landy, 1991; Graham 
et al., 1992). This hypothesis is often cast in terms of 
oriented spatial frequency selective operators thought o 
resemble mechanisms existing at relatively low levels in 
the visual system (e.g. simple cells). A satisfactory 
account of texture segregation in terms of spatial 
frequency content requires at least two nonlinearities. 
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One is a rectification nonlinearity which has been 
proposed by a number of investigators (e.g. Prazdny, 
1983; Grossberg & Mingolla, 1985; Shapley & Gordon, 
1985; Sutter et al., 1989; Graham et al., 1992). The 
second is a normalization onlinearity which keeps the 
total response from a set of neurons from exceeding a
specified value (e.g., Grossberg & Mingolla, 1985a,b; 
Grossberg, 1987; Lubin, 1989; Lubin & Nachmias, 1990; 
Graham et al., 1992; Graham, 1994). 
Despite the success of the spatial-frequency h poth- 
esis, sometimes with good quantitative fits to data, other 
processes have been shown to be involved in texture 
segregation. Evidence comes from examples showing the 
independence of texture segregation from the spatial 
frequency content of a pattern. Julesz and Krose (1988) 
have provided aconvincing illustration that spatial filters 
(at least of the type considered by them) do not always 
determine perceived segregation. By removing the 
frequency bands containing the largest energy differences 
between texture regions, they were able to produce a 
pattern that still strongly segregates. The results of Beck 
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FIGURE 1. An illustration of an element-arrangement pattern 
composed offilled and unfilled squares. The squares inthe experiments 
were red and blue. Arrows indicate the surround (the space 
surrounding a pattern) and the interspace (the spaces between the 
squares) regions. The experiments varied the luminances of the 
surround and interspace r gions. In Experiments 1-3 patterns were 
composed of16 rows and columns of squares and in Experiment 6 of 
12 rows and columns of squares. 
and Goodwin (1992) also suggest that texture segregation 
may be based on pattern features as well as spatial- 
frequency content. They investigated perceived texture 
segregation in patterns in which the light and dark 
subareas composing a pattern element were interchanged. 
The outputs of Gabor and Difference-of-Gaussian (DOG) 
filters failed to account for the perceived segregation 
which instead epended on the shape of the elements. A 
pattern in which the element was a centered square with a 
surrounding square annulus segregated strongly. In 
contrast, a pattern in which the element was an I-shaped 
figure inscribed in a square segregated weakly. Further- 
more, Beck et al. (1991) showed that the segregation of 
randomly interspersed populations of light and dark 
squares into subpopulations i  not explainable by the 
differential stimulation of spatial-frequency analyzers. 
Since the two subpopulations were randomly distributed 
in a pattern, filtering alone could only determine that two 
types of elements are present but not the perception of 
two subpopulations. 
Texture segregation also depends on higher-order 
feature differences resulting from the preattentive group- 
ing of edges. Beck (1983; Beck et al., 1993) proposed 
that the segregation of upright and inverted "U"s in an 
element-arrangement pat ern (described below) depends 
on the grouping of the bases of the U figures. Beck et aL 
(1989) showed that the segregation of a line-like pattern 
composed of discrete elements in a background of 
distractors cannot be explained by differences in the 
outputs of Gabor filters. Line segregation, rather, is based 
on element grouping that is affected by stimulus features 
such as edge alignment, edge length and principal axis 
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FIGURE 2. An illustration of how responses of cells with oriented 
receptive fields may account for element-arrangement segregation. 
Top: excitatory and inhibitory lobes of an even symmetric operator. 
Bottom left: large vertical receptive fields respond strongly to the 
vertical columns of squares inthe striped region. Bottom right: large 
oblique receptive fields respond strongly to the diagonal columns of 
squares inthe checkerboard region. 
orientation. Field et al. (1993) have also shown that the 
perception of "curved paths" in their experiments cannot 
be ascribed to filtering but instead suggest a grouping 
process responsible for "path determination". Their 
"association field" hypothesis bears close similarities 
to the cooperative bipole mechanism of Grossberg and 
Mingolla (!985a,b) and to the criteria for grouping edges 
according to "relatability" advanced by Keilman and 
Shipley (1991). A model that suggests how the visual 
system groups edges has been presented by Grossberg 
and Mingolla (1985a,b), as part of a general model of 
how the visual system groups edges, textures and 
shading. 
Previous results 
We present a brief review of related work in order to 
lay out the issues involved in our investigation. An 
element-arrangement pat ern is composed of two types of 
elements that differ in the ways in which they are 
arranged in different regions of the pattern. Figure 1 
illustrates an element-arrangement pattern in which the 
elements are filled and unfilled squares arranged in a 
striped pattern in the top region and in a checkerboard 
pattern in the bottom region. Beck et al. (1987) showed 
that the perceived segregation of achromatic element- 
arrangement patterns was qualitatively consistent with 
the hypothesis that differences in the outputs of spatial- 
frequency channels and not higher-order processes of 
grouping underlie the perceived segregation. They 
proposed that the differential responses of oriented 
simple cell-like mechanisms to the striped and checked 
regions of an element-arrangement pat ern are the basis 
for the perceived segregation (see Fig. 2). Sutter et al. 
(1989) provided further support for this hypothesis by 
showing that the perceived segregation was minimal 
when the area x contrast of large and small squares were 
equal. The area x contrast of the large and small squares 
TEXTURE SEGREGATION IN CHROMATIC PATI'ERNS 1747 
is the same when the greater area of the large square is 
compensated for by the higher contrast of the small 
square. Squares that have the same area × contrast 
produce the same output at the fundamental frequency 
of the pattern, i.e. the frequency which, when the 
excitatory region of a receptive field falls on one column 
of squares, the inhibitory region of the receptive field 
falls on the adjacent column of squares (see Fig. 2). 
Although the contrast ratio---the ratio of the contrasts of 
the two square types with the background--at which the 
minimum perceived segregation occurred was correctly 
predicted by the outputs of simple cell-like mechanisms, 
the amount of segregation at this minimum was 
incorrectly predicted. The amount of perceived segrega- 
tion depended also on the difference in the sizes of the 
squares. When the area × contrast of the large and small 
squares were equated, perceived segregation was greater 
as the size difference between the large and small squares 
increased. One way of accounting for this discrepancy is 
by a more complicated spatial frequency model in which 
the initial linear filtering is followed by a rectification and 
a second filtering at a lower spatial frequency (Sutter et 
al., 1989; Graham et al., 1992). 
A striking finding reported by Beck et al. (1991) was 
that in element-arrangement pat erns of light and dark 
squares, a large lightness difference could fail to yield 
strong texture segregation, while a small lightness 
difference could yield strong segregation--lightness is 
to a first approximation, a function of the ratio of the 
luminances of the squares to the background. The critical 
variable was the luminance of the background. When the 
luminance of the background was far above or below the 
luminance of the squares, perceived texture segregation 
was reduced, i.e. high contrast interfered with texture 
segregation (see Fig. 8). Graham (1994) attributed the 
effects of the background luminance to a compressive 
intensity non-linearity. Beck (1994), however, showed 
that a high luminance background interfered with the 
perceived segregation of element-arrangement pat erns 
composed of squares of equal uminance differing in hue. 
This shows that the effect of the background luminance 
cannot be ascribed solely to an intensity non-linearity. 
The relevant variable when background luminance is 
varied is the luminance of the interspaces between the 
squares. Beck (1994) investigated how the luminance of 
the interspace region (i.e. the spaces between squares) 
and of the surround (i.e. the space surrounding a pattern) 
affected the perceived segregation of element-arrange- 
ment patterns composed of equal-luminance red and blue 
squares. The luminances of the interspaces between the 
squares trongly affected perceived segregation, whereas 
the luminance of the surround only secondarily affected 
perceived segregation. Perceived segregation for both a 
low luminance (black) and high luminance (white) 
surround decreased with increasing luminance of the 
interspace area. Unlike achromatic element-arrangement 
patterns composed of squares differing in lightness (Beck 
et al., 1991), perceived segregation did not decrease 
when the luminance of the interspaces was below that of 
the squares. The critical variable affecting perceived 
segregation was luminance and not contrast, because 
when the luminance of the background was above, but 
not below, perceived segregation was impaired. Beck 
(1994) also varied the luminance of the vertical and 
horizontal interspaces independently and showed that 
white horizontal interspaces had a stronger interference 
on perceived segregation than vertical interspaces. 
Experiments 
Six experiments investigated the perceived segregation 
of element-arrangement patterns. Experiments 1--4 and 6 
examined texture segregation i  element-arrangement 
patterns composed of red and blue squares on achromatic 
backgrounds. Experiment 5 examined perceived segre- 
gation in element-arrangement pat erns composed of 
other pairs of hues. The aims of the experiments were 
two-fold: first, to examine further how the interspace 
luminance affects perceived segregation; second, to 
control for possible confounding factors. The results are 
explained in terms of inhibitory interactions among 
achromatic and chromatic ortical cells tuned to spatial 
frequency and orientation and in terms of the relative 
activations of the chromatic and achromatic pathways. 
GENERAL METHOD IN EXPERIMENTS 1-3 
Stimuli and apparatus 
The experiments varied the luminances of the 
surround, the interspaces, and the background. The 
surround region borders the red and blue squares (see 
Fig. 1). The interspace region consists of the spaces 
between the squares. When the interspace and surround 
luminances were equal we refer to the luminance of the 
overall region as the "background" luminance. 
The stimuli were presented on the CRT screen of a 
Silicon Graphics workstation. A pattern consisted of 16 
rows and columns of red and blue squares. In the top half 
(rows 1-5 in the illustration in Fig. 1) the red and blue 
squares were arranged in alternating vertical stripes. In 
the bottom half (rows 6-10 in the illustration in Fig. 1), 
the red and blue squares were arranged ina checkerboard. 
The squares were 16 pixels on a side and the edge-to- 
edge distance between the squares was 6 pixels. The 
viewing distance (102cm) was such that 1 pixel 
subtended 1 min arc. The interspace area and surround 
were achromatic. The luminances of the squares are 
reported below for each of the experiments. Luminances 
were measured with a Minolta M-110 spot meter in 
Experiments 2 and 3 and with a Tektronix J6523 1 deg 
narrow angle light meter in Experiment 1. The CIE 
coordinates for the red and blue hues were x = 0.619, 
y = 0.348, and x = 0.142, y = 0.058, respectively, as 
measured with a Minolta CS-100 chroma-meter. 
Segregation ratings 
A subject rated perceived segregation by using a 
mouse to move a slider in a rectangle. As a subject moved 
the slider from the left to the right edge of the rectangle, 
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FIGURE 3. Display for isoluminance task. The background was blue 
and set at 1.0 ft L. The circles were red and varied in luminance. 
Subjects were told to fixate and indicate the number of the circle with 
the minimally distinct border. 
the numbers from 0 to 4 in 0.1 increments appeared 
below the slider. A subject's rating was recorded by a 
mouse click. The subjects were instructed to report their 
immediate impression of segregation and told that a 
rating of 0 meant hat there was no segregation between 
the two regions. A rating of 4 meant hat the two regions 
were very distinct and segregation was "immediate". 
The intermediate ratings indicated intermediate percep- 
tions of segregation from "barely perceptible" to 
"weak" to "moderate". 
A subject was presented with six blocks of trials, 
except in Experiment 1, where five blocks of trials were 
presented. The first block of trials served as a practice 
block and was discarded. Individual subject means were 
based on four ratings of each stimulus in Experiment 1
and on five ratings of each stimulus in Experiments 2 and 
3. The number of trials per block varied among 
experiments, but in every experiment a block of trials 
consisted of one presentation of each of the stimulus 
patterns in that experiment in random order. The data 
presented are the mean segregation ratings averaged 
across subjects. A subject initiated a trial by pressing the 
space bar. A trial consisted of a fixation "X" presented 
for 1 sec in the center of a blank screen. The luminance of 
the screen was the luminance of the interspace region in 
the upcoming trial. This was followed immediately by a 
stimulus display presented for 1 sec. The slider presented 
on a background, with the same luminance as that of the 
interspace region on that trial, immediately followed the 
offset of a stimulus display. 
Subjects 
All subjects were graduate students at Boston Uni- 
versity and had normal or corrected-to-normal vision. 
Subjects were naive concerning the purposes of the 
experiments. 
of equal-luminance chromatic element-arrangement 
patterns i  a decreasing function of interspace luminance; 
the higher the intensity the weaker the segregation. In his 
displays red and blue squares were set to 2.25 ft L using a 
light meter. The aim of Experiment 1 was to show that the 
same results would be obtained if an observer's red and 
blue isoluminance values are experimentally determined. 
In addition, by "bracketing" the isoluminance point with 
values higher and lower, the experiment demonstrated 
that the deleterious effect of a high luminance back- 
ground on perceived texture segregation does not require 
isoluminance. 
Method 
The method of minimally distinct borders was used to 
determine the isoluminance values of the red and blue 
squares (Boynton & Kaiser, 1968). The background was 
blue and set at 1.0 ft L. Seven red circles were arranged in 
a semi-circle (see Fig. 3). The circles subtended 
approximately 0.8 deg and were approximately 3.6 deg 
from the fixation point. The luminances of the red circles 
increased by approximately 0.2 fl L from the lowest 
luminance (circle 0) to the highest luminance (circle 6). A 
centrally located "X" served as a fixation point. While 
fixating the "X",  subjects were asked to report the circle 
with the least distinct border (LDB). They were asked to 
choose the circle that seemed to disappear or fade into the 
background. The instructions emphasized that sometimes 
more than one circle might appear to fade, and that in 
general no circle would completely fade. Subjects were 
asked to indicate the circle that faded the most. 
After a subject selected the LDB circle, the luminance 
of the center circle (circle 3) was set to the luminance of 
the LDB circle. The luminances of circles 0-2 were set 
lower than the luminance of circle 3 and the luminances 
of circles 4-6 were set higher than the luminance of circle 
3. The luminance increments and decrements were now 
smaller than in the original set and were approximately 
0.1 ft L. A subject again selected the LDB circle. The 
luminance of this circle was the subject's isoluminance 
judgment. Subjects made three isoluminance judgments 
that were averaged to obtain the final isoluminance value. 
To avoid response biases, the lowest luminance circle on 
each of the three trials was initially set at a different 
value: 0.62, 0.78 and 0.86 ft L. 
The luminance of the blue squares was 1.0 ft L. The red 
squares were set at seven luminances: a subject's 
isoluminance match, and six luminances that 
"bracketed" the isoluminance match. The six luminances 
comprised two decrements and four increments of 
approximately 0.25 ft L from isoluminance. Each block 
of trials contained 14 patterns: seven luminances of the 
red squares and two backgrounds--black (0.01 ft L) and 
white (19.8ilL). Four subjects participated in the 
experiment. 
EXPERIMENT 1: ISOLUMINANCE CONTROL 
Beck (1994) showed that perceived segregation 
Results and discussion 
All subjects' data showed a similar pattern, and Fig. 4 
shows the mean rated segregation pooled across ubjects 
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FIGURE 4. Mean segregation ratings in Experiment 1.Ratings are 
plotted as a function of offset from isoluminance. 
as a function of the luminance of the red squares (in terms 
of offset from isoluminance) for the black and white 
backgrounds. The main effect of the background 
luminance was significant IF(l,3) = 117.03, P < 0.01]. 
The effect of luminance of the red squares was not 
significant [F(6,18) = 2.18, P > 0.05]. For a black back- 
ground, the mean rated perceived segregation was 
uniformly high (3.0 or higher), while for a white 
background the mean rated perceived segregation was 
uniformly low (typically less than 1.0). The results of 
Experiment 1show that hue differences in the absence of 
luminance differences yielded strong perceived segrega- 
tion. Luminance-driven oriented mechanisms of the type 
depicted in Fig. 2 respond minimally, if at all, to displays 
where red and blue squares are at or near isoluminance. 
Experiment 1 also showed that the isoluminance of the 
red and blue squares is not critical for the interference of
a high intensity background. 
EXPERIMENT 2: LUMINANCE RATIO OF INTER- 
SPACES TO SQUARES 
An effect originally reported by Beck (1994) and 
confirmed in Experiment 1 is that a high luminance 
background interferes with perceived segregation. Ex- 
periment 2 varied the luminances of the squares and of 
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FIGURE 5. Mean segregation ratings plotted as a function of square 
luminance in Experiment 2. Different curves represent different 
interspace tosquare luminance ratios. The surround was black. 
the interspace area to investigate how perceived segrega- 
tion is a function of the ratio of the interspace luminance 
to square luminance. 
Method 
There were 30 experimental stimuli: two surrounds 
[0.01 ft L (black), and 19.8 ft L (white)], three interspace 
luminances (0.75, 1.25 and 1.75 ft L), and five interspace 
to square luminance ratios (I/S) (0.5, 1.0, 2.0, 4.0 and 
8.0). In all conditions, red and blue squares had equal 
luminance. The luminances of the squares, the interspace 
and the interspace to square luminance ratios (l/S) are 
shown in Table 1. Seven subjects participated in the 
experiment. 
Results and discussion 
Figure 5 shows the mean ratings of perceived 
segregation with a black surround as a function of the 
luminance of the squares for the different interspace to 
square luminance ratios. Figure 6 plots the mean ratings 
of perceived segregation with a white surround. The main 
effect of the I/S luminance ratio was significant 
[F(4,24) = 47.65, P < 0.01]. For both black and white 
surrounds, perceived segregation decreased as the 
luminance ratio of the interspaces to the squares 
TABLE 1. Stimuli for Experiment 2 
I/S luminance ratio I/S luminance l/S luminance I/S luminance 
0.5 0.38/0.75 0.63/1.25 0.88/1.75 
1.0 0.75/0.75 1.25/1.25 1.75/1.75 
2.0 1.50/0.75 2.50/1.25 3.50/1.75 
4.0 3.00/0.75 5.00/1.25 7.00/1.75 
8.0 6.00/0.75 10.00/1.25 14.00/1.75 
The interspace luminance divided by the square luminance ("I/S") is shown for each ratio studied. 
Three luminance conditions were used for each ratio (corresponding to the three columns). All 
luminance values are in fi L. 
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FIGURE 6. Mean segregation ratings plotted as a function of square 
luminance in Experiment 2. Different curves represent different 
interspace tosquare luminance ratios. The surround was white. 
increased. Although the I/S luminance ratio x square 
luminance interaction was significant [F(8,48)= 6.67, 
P < 0.01], Figs 5 and 6 show that perceived segregation 
is largely determined by the ratio of the interspace 
luminance to the square luminance. For both black and 
white surrounds, perceived segregation was approxi- 
mately constant for constant I/S luminance ratios. The 
interaction of the I/S luminance ratio x square luminance 
with both black and white surrounds reflects the increase 
in perceived segregation with I/S luminance ratios of 0.5 
and 1.0 with increasing square luminance. The impor- 
tance of the I/S luminance ratio suggests the operation of 
early visual mechanisms sensitive to contrast. 
The main effect of surround luminance was significant 
IF(l,6) = 6.15, P < 0.05]. As also found by Beck (1994), 
a comparison of Figs 5 and 6 shows that perceived 
segregation was decreased by a white surround, but that 
the pattern of perceived segregation was similar for black 
and white surrounds as a function of the I/S luminance 
ratio and the square luminance. The interaction of 
surround luminance x I/S luminance ratio was also 
significant [F(4,24) = 6.62, P < 0.01]. This interaction 
reflects the fact that perceived segregation is comparable 
for the black and white surrounds for I/S luminance ratios 
of 2.0, 4.0 and 8.0 (bottom three curves in Figs 5 and 6) 
while for I/S luminance ratios of 0.5 and 1.0 (top two 
curves in Figs 5 and 6), a white surround weakened 
perceived segregation more than a black surround. 
*Contrast was defined as the luminance of a square minus the 
background luminance divided by the background luminance. 
tThe contrast ratios when the background luminance is 1.5 and the 
luminance of the red square is greater than 1 are negative. The 
absolute value of the contrast ratio was taken in plotting the data. 
:~ In order to handle the missing observation corresponding to a 
background luminance of 7.5 ft L and contrast ratio of 6.0 (see 
Table 2), the results for the 7.5 fl L background were omitted from 
the repeated measures design analysis. 
EXPERIMENT 3: CONTRAST RATIO OF RED TO 
BLUE SQUARES 
Beck et al. (1987) found that there was no simple 
function relating the perceived segregation of the striped 
and checkerboard regions in an element-arrangement 
pattern composed of light and dark squares and the size of 
their lightness difference. Equal lightness differences led 
to different perceived segregations depending on the 
relationship of the background luminance to the lumi- 
nance of the lighter (higher luminance) square. Perceived 
segregation was more nearly a monotonic single-valued 
function of the ratio of the contrasts of the light and dark 
squares, except when the background luminance was far 
from a square's luminance. The greater dependence of 
perceived segregation of achromatic element-arrange- 
ment patterns on the contrast ratio of the squares rather 
than on their lightness difference was taken as consistent 
with the hypothesis that segregation is based on the 
differential stimulation of spatial-frequency channels (i.e. 
simple cell-like mechanisms). Experiment 3 investigated 
how the perceived segregation of red and blue element- 
arrangement patterns varied as a function of luminance 
contrast ratio of the squares. It should be noted that 
chromatic ontrast ratios were not explicitly manipulated 
and are not addressed in the present study. 
Method 
There were six background luminances: 0.1, 0.5, 1.5, 
3.0, 5.0 and 7.5 ft L. The luminance of the blue squares 
was fixed at 1.0 ft L, while the luminances of the red 
squares were chosen so as to produce the desired contrast 
ratios for the different backgrounds.* There were five 
contrast ratios of the red squares to the blue squares: 1.0, 
1.5, 2.0, 4.0 and 6.0. Table 2 shows the luminance values 
of the red squares for the different background lumi- 
nances and contrast ratios. Since the combination of a 
contrast ratio of 6.0 with a background of 7.5 ft L was not 
attainable with the monitor used, the total number of 
stimuli was 29. There are two conditions with back- 
ground luminance below the luminances of the squares 
(0.1 and 0.5 ft L), one condition with the background 
luminance in between (1.5 ft L) and three conditions with 
the background above (3.0, 5.0 and 7.5 ft L). Six subjects 
participated in the experiment. 
Results and discussion 
The results of Experiment 3 are plotted as a function of 
contrast ratio of the squares in Fig. 7.t The different 
curves correspond to different background luminances. It 
should be noted that while the results of Experiment 3 are 
discussed in terms of the luminance of the background 
(i.e. the interspace and surround luminances are the 
same), Experiment 2 revealed that it is the interspace 
region that is critical in determining segregation. The 
main effects of contrast ratio [F(4,20) = 83.74, P < 0.01] 
and background luminance [F(4,20) = 24.33, P < 0.01] 
were significant.~: Perceived segregation was a negatively 
accelerated function of contrast ratio for all conditions 
including when the background luminance (1.5 ft L) was 
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TABLE 2. Stimuli used in Experiment 3 
Background luminance 
Contrast ratio of red to blue squares 
1.0 1.5 2.0 4.0 6.0 
Luminance ofred square in ft L 
0.1 1.0 1.~ 1.9 3.7 5.5 
0.5 1.0 1.~ 1.5 2.5 3.5 
1.5 1.0 2.25 2.5 3.5 4.5 
3.0 1.0 1.65 2.0 2.5 2.67 
5.0 1.0 2.33 3.0 4.0 4.33 
7.5 1.0 3.17 4.25 5.88 Notu~d 
The blue squares were fixed at 1.0 ft L. The luminances of the red squares are presented as a function of 
contrast ratio f the red and blue squares and of the background luminance. Note that a background 
luminance of7.5 ft L with a contrast ratio of 6.0 was not presented. 
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between the luminances of the squares. It should be noted 
that sign of contrast is a salient variable with achromatic 
element-arrangement pat erns. Perceived segregation is
uniformly strong when the luminance of the background 
is between the luminances of the squares and decreases 
only when the background luminance is very close to the 
luminances of the squares (Beck et al., 1987, 1991). 
However, with red and blue element-arrangement 
patterns the hue difference was salient and prevailed 
over the sign of contrast variable. 
Figure 7 also shows that perceived segregation 
decreased with increasing luminance of the background. 
The decrease in perceived segregation with increasing 
luminance of the background was similar for the different 
contrast ratios of the red and blue squares. The interaction 
of the contrast ratio with the background luminance was 
not significant [F(16,80) = 1.41, P > 0.05]. Unlike with 
achromatic patterns, perceived segregation was strong 
with low intensity backgrounds (0.1 and 0.5 ft L), and 
was not a single valued function of contrast ratio when 
the background luminance was close to the luminance of 
the squares. With red and blue element-arrangement 
patterns, perceived segregation is a function of back- 
ground intensity and not of background contrast as with 
achromatic element-arrangement patterns. Figure 8 
shows perceived segregation for achromatic patterns as 
a function of the contrast ratio of the squares from the 
Beck et al. (1991) study. The comparison of interest is 
between the curves with solid circles (background below, 
low contrast) and open circles (background below, high 
contrast). Note that when the contrast is high, perceived 
segregation is quite weak, and when contrast is low, 
perceived segregation grows with the contrast ratio of the 
squares. The differences between the red and blue 
squares and achromatic ases indicate that the mechan- 
isms underlying the effects of interspace luminance on 
the perceived segregation of element-arrangement pat-
terns differ. 
For backgrounds of 3.0, 5.0 and 7.5 ft L the mean 
perceived segregation ratings cluster together. One 
possible explanation is in terms of the ratio of the 
background luminance to the luminance of the red 
squares. Experiment 2 showed that the interference of 
high intensity interspaces depends on the ratio of the 
luminances of the interspaces and squares and increased 
as this ratio became greater (red and blue squares were 
always of the same luminance). In Experiment 3, when 
the background luminance was above that of the squares, 
the ratio of the background luminance to the blue squares 
was always greater than the ratio of the background 
luminance to the red squares. If the background 
luminance inhibits the hue difference signal, perceived 
segregation would be expected to be largely controlled by 
the ratio of the background luminance to the luminance 
of the red squares. Table 3 shows the ratio of the 
background luminance to the luminance of the red 
squares. When the background luminance was 3.0, 5.0 
and 7.5 fl L, the luminance ratios were either very similar 
or large. Large luminance ratios abolished perceived 
segregation irrespective of their specific values. Per- 
ceived segregation would, therefore, be expected to be 
similar if the luminance ratio of the background to the 
luminance of the red square strongly affected perceived 
segregation. 
EXPERIMENT 4: DETECTION OF A CHECKER. 
BOARD AND MISALIGNED ODD ELEMENT 
The purpose of Experiment 4 was two-fold. First, we 
sought o confirm the effect of background luminance on 
perceived segregation by employing a detection para- 
digm, thereby showing that our results are not dependent 
on a rating procedure. Second, we investigated whether 
the effect of the background luminance affected segrega- 
tion based on edge alignment. Figure 9 illustrates the 
paradigm used. The patterns were composed of "tiles", 
each of which was a 5 x 5 arrangement of red and blue 
squares. The squares in each of the tiles composing a
pattern were arranged in either ed and blue stripes or in a 
red and blue checkerboard (Fig. 9a). A subject's task was 
to determine whether a pattern was uniform or contained 
an "odd" tile. Uniform patterns contained tiles only with 
stripes (Fig. 9b), while patterns containing an odd tile 
were composed of tiles with stripes and a single 
checkerboard tile (Fig. 9c) or a single tile defined by 
misalignment ofthe individual squares (Fig. 9d). Figure 9 
shows only a portion of a stimulus display. 
Since a high luminance background strongly interferes 
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FIGURE 7. Mean segregation ratings in Experiment 3 plotted as a 
function of contrast ratio. Different curves represent different back- 
ground luminances. 
with perceived segregation of a striped and checkerboard 
element-arrangement pa tern, we expected that the 
detection of a checkerboard tile in a pattern of striped 
tiles would be greatly impaired with a white background. 
We also expected that the detection of a checkerboard tile 
with a black background would be very good since 
perceived segregation with a low luminance background 
is strong. We did not expect the luminance of the 
background to affect the detection of a misaligned tile, 
since detection depends on the degree of misalignment 
and the contrast of the squares. Contrast is high for both 
black and white backgrounds, making the task depend 
mainly on the amount of misalignment and not on the 
direction of the contrast. 
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FIGURE 8. Mean segregation ratings in the Beck et al. (1991 ) study of 
achromatic element-arrangement segregation as a function of the 
contrast ratio of the squares. The results for the curves with sollid 
circles (background below, low contrast) and with open circles 
(background below, high contrast) should be compared to the results of 
chromatic segregation. See text for details. Adapted from Beck et aL 
(1991). 
Method 
The luminances of the red and blue squares were 
1.0 ft L. The CIE coordinates for the red and blue hues 
were the same as used for Experiments 1-3. The viewing 
distance was set at 258 cm (1 pixel subtended 0.4 min 
arc) in order that an odd tile did not appear at an 
eccentricity of more than 2 deg. The red and blue squares 
were 14 × 14 pixels. The edge-to-edge distance between 
squares within a tile was 14 pixels; the distance between 
tiles was 20 pixels. There were three odd tiles: (1) a 
checkerboard tile; (2) a tile with a small random 
misalignment of the squares; and (3) a tile with a large 
random misalignment of the squares. The squares were 
misaligned in both the vertical and horizontal directions. 
For the small misalignment condition, random vertical 
and horizontal displacements of each square were 
selected from the range ( -2  to 3) pixels. For the large 
misalignment condition, random vertical and horizontal 
displacements of each square were selected from the 
range ( -3  to 4) pixels. 
There were six experimental conditions: two back- 
ground luminances, 0.01 ft L (black) and 19.8 ft L 
TABLE 3. Stimuli used in Experiment 3 
Contrast ratio 
Background luminance 1.0 1.5 2.0 4.0 6.0 
0.1 0.1 0.07 0.05 0.03 0.02 
0.5 0.5 0.4 0.33 0.2 0.14 
1.5 1.5 0.67 0.6 0.43 0.33 
3.0 3+0 1.81 1.5 1.2 1.12 
5.0 5.0 2.15 1.67 1.25 1.15 
7.5 7.5 2.37 1.76 1.28 Not used 
The blue squares were fixed at 1.0 ft L. The ratios of the background luminance to the luminance of the 
red squares are indicated as a function of the contrast ratio of the red and blue squares and of the 
background luminance. Note that one of the conditions was not used. 
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consisted of six rows by five columns of tiles. An odd tile 
never appeared in the outermost rows and columns. This 
left an inner rectangle of 12 positions (four rows by three 
columns) for an odd tile. An odd tile also was never 
presented in each of the four corners of the inner 
rectangle. An odd tile could appear in any one of the eight 
remaining positions. An odd tile was presented in the 
same position only after the tile was presented in all other 
possible positions. Each subject participated in two 
experimental sessions yielding a total of 256 responses 
for each of the three tile types. 
A trial was initiated by a subject pressing the space bar. 
A fixation "X"  appeared for 2 sec. The pattern was then 
flashed for 150 msec after which it was replaced by a 
mask. The mask was composed of one third black and 
two-thirds white randomly chosen pixels and remained 
on until the subject pressed one of two keys indicating 
"yes" (target present) or "no" (target not present). 
Responses taking more than 3 see were discarded and 
were very rare. The subjects were instructed to answer as 
quickly as possible while trying to avoid errors. Four 
subjects participated in the experiment. All subjects read 
instructions fully explaining the task by means of a set of 
examples hown on the screen and ran a practice block 
before beginning the experiment The luminances were 
measured with a Tektronix J6523 1 deg narrow angle 
light meter. 
(d) 
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FIGURE 9. Illustration of the detection paradigm used in Experiment 
4. (a) Vertical and checkerboard tiles. (b) Uniform patterns containing 
only vertical tiles. (c) "Odd" pattern containing a checkerboard tile. 
(d) "Odd" pattern containing a misaligned tile. In the experiment 
patterns were composed ofsix rows x five columns of tiles. 
(white), and three tile types (checkerboard, small 
misalignment and large misalignment). An experimental 
session consisted of six blocks of 64 trials each. A single 
type of odd tile was presented in each block. Each tile 
type was presented in a random order in two blocks of 
trials. In each block, 32 uniform patterns (no-target) and 
32 patterns with an odd tile (target) were presented. Of 
the 32 no-target and target patterns, 16 were on a black 
background and 16 on a white background. A pattern 
*Proportions of hits and false-alarms of 0 and 1, were corrected to
1/2 N and 1-1/2 N, to avoid infinite values in computations. N is the 
number of trials used to obtain the proportions, 
tThe proportions were transformed using an arcsin transformation, in 
order to make the variances more uniform. 
Results and discussion 
The four graphs in Fig. 10 present he results of the 
individual subjects. Each graph shows the d' scores for 
the three tile types.* For each tile type, the solid bar is for 
a black background, and the open bar is for a white 
background. The d' values for detecting a checkerboard 
odd tile were high with a black background and close to 
zero with a white background (except for subject $2; note 
that the d' on a white background was lower than on a 
black background). On a black background subjects had a 
high hit rate and a low false alarm rate; on a white 
background subjects could not detect the tile and the 
number of hits and false alarms were very similar. The d' 
values for detecting an odd tile with a small misalignment 
of the squares tended to be similar on black and white 
backgrounds but was considerably arger for one subject 
on a white background. For a large misalignment of the 
squares, the d' values for detecting the odd tile were 
larger on a white background than on a black back- 
ground. Two repeated measures ANOVAs were con- 
ducted to statistically analyze the data. One test 
compared the proportion of correct responses (hits plus 
correct rejections) for the checkerboard and a small 
misalignment tile conditions. The second test compared 
the proportion of correct responses for the checkerboard 
and a large misalignment tile conditions.t The back- 
ground luminance × tile type interaction was highly 
significant in both tests, [F(1,3) = 56.27, P < 0.01] and 
[F(1,3) = 109.21, P < 0.01], respectively. 
The results show (a) the detection of a checkerboard 
tile was extremely difficult on a white background, and 
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FIGURE 10. Results of the four subjects in Experiment 4. The d' 
values are shown for detecting a checkerboard tile (two leftmost bars) 
and for detecting small (two middle bars) and large (two rightmost 
bars) misaligned tiles with black and white backgrounds. For each tile 
condition the solid bar corresponds to a black background, and the 
open bar to a white background. 
easy on a black background, and (b) the detection of an 
odd tile based on the misalignment of the squares in a tile 
is not impaired by a white background. The first finding 
corroborates previous findings that a white background 
interfered with the segregation of a checkerboard pattern 
from a striped pattern using a detection paradigm instead 
of ratings. The second finding shows that the detection of 
misalignment does not greatly depend on the direction of 
contrast. Beck et al. (1989) also found that the 
discrimination of a line-like pattern of discrete lements 
depends on edge alignment and edge length and not on 
contrast, if contrast is high enough (see their Experiment 
5). The mechanisms underlying element-arrangement 
segregation and segregation based on the alignment of 
element edges differ (Beck, 1993). Perceived segregation 
of element-arrangement pat erns does not depend on the 
processing of edges. In this respect it is of interest to note 
that the perceived segregation of element-arrangement 
patterns is not affected by the misalignment of edges. 
Poulson (1988) has shown that ratings of perceived 
segregation did not differ when the elements composing 
an element-arrangement pattern were aligned squares, 
randomly rotated squares, circles or irregular blobs. 
EXPERIMENT 5: HUES OF THE SQUARES 
Beck (1994) employing a rating procedure, investi- 
gated how interspace luminance affects the perceived 
segregation ofelement-arrangement pat erns for different 
hue pairs, namely patterns composed of red and green 
and blue and green squares. As in patterns composed of 
red and blue squares, perceived segregation decreased 
markedly with increasing luminance of the background. 
Experiment 5 employed the detection paradigm used in 
Experiment 4 to investigate how the luminance of the 
interspaces affects the detection of an odd tile as a 
function of the hues composing the tiles. Six pairs of hues 
were investigated: red and blue, red and yellow, red and 
green, green and yellow, green and blue, and blue and 
yellow. 
Method 
Two studies were conducted. In both studies the 
luminances of the squares for all hue pairs were equated 
at 1.0 ft L. Three subjects naive as to the purpose of the 
investigation participated in one study. The hues of the 
squares composing the tiles were red and yellow, green 
and yellow, and green and blue. The hues of the squares 
in the odd tile were arranged in a checkerboard pattern. 
The hues of the squares in the other tiles were arranged in 
a pattern of stripes (see Fig. 9a). The procedure was 
identical to Experiment 4. 
Two of the authors served as subjects in the second 
study; they had no previous experience in running the 
present ask. The hues of the squares composing the tiles 
were: red and blue, red and yellow, red and green, green 
and yellow, blue and green, and blue and yellow. The CIE 
coordinates for the red and blue hues were, as for all 
experiments, x = 0.619, y = 0.348, and x = 0.142. 
y = 0.058, respectively. The CIE coordinates for green 
and yellow hues were x = 0.287 and y = 0.597, and 
x = 0.464 and y = 0.466, respectively. 
The procedure was the same as in Experiment 4 with 
the following differences. The two subjects ran all six hue 
conditions with 128 trials for each condition (half the 
number of trials of Experiment 4). The high luminance 
was set at 8.0 ft L instead of 19.8 ft L. A high luminance 
white background strongly desaturates the green and 
yellow hues, making them similar and more difficult to 
discriminate. In order to increase the discriminability of 
the green and yellow hues, we reduced the intensity of the 
background. The exposure duration was set at 300 msec 
for subject J.B., who found the detection of the odd tile 
too difficult at 150 msec. 
Results and discussion 
Figure 11 presents the results of the individual 
subjects• Each graph shows the d' scores for the different 
hue pairs. For each hue pair, the solid bar is for a black 
background and the open bar is for a white background. 
For all hue pairs the detection of a checkerboard odd tile 
on a black background was easier than on a white 
background (larger d' on a black background than white 
background). A repeated measures ANOVA for the study 
with subjects S1, $2 and $3 compared the proportion of 
correct responses (hits plus correct rejections) for 
different hue pairs. The background luminance was 
significant [F(1,2) = 164.98, P < 0.01]. The pair of hues 
composing a pattern was not significant [F(1,2) = 3.16, 
P > 0.15]. 
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FIGURE 11. Results of the five subjects in Experiment 5. The d' values are shown for detecting a checkerboard tile for the hue 
pairs investigated. For each tile condition, the solid bar corresponds to a black background, and the open bar to a white 
background. 
The results show that for all hue pairs the perceived 
segregation of the checkerboard is a function of the 
intensity of the interspaces. The perceived segregation of
the checkerboard is good with low luminance interspaces 
but is markedly reduced by high intensity interspaces. It 
should be noted that this excludes chromatic aberration as 
an explanation of the results in Experiments 1-4, in 
which red and blue squares were used. The similarity in 
the results with red and yellow, blue and green, and green 
and yellow hue pairs shows that the strong segregation 
with a black background oes not result from chromatic 
aberration due to large differences in the wavelength 
composition of the squares. 
The results of Experiment 5 are consistent with our 
findings that for chromatic element-arrangement 
patterns, perceived segregation is a function of the 
intensity of the interspaces (or background). Perceived 
segregation is not interfered with by low intensity. For 
achromatic patterns (see Fig. 8), perceived segregation is 
a function of contrast. Both low and high luminance 
interspaces interfere with segregation. In the General 
Discussion we propose an explanation for the difference 
between achromatic and chromatic element-arrangement 
patterns. 
EXPERIMENT 6: EFFECTS OF BINOCULAR 
DISPARITY 
The segregation of element-arrangement patterns 
composed of squares differing in luminance has been 
explained in terms of complex (non-Fourier) spatial- 
frequency channels (Sutter et aL, 1989; Graham et al., 
1992). It is uncertain whether the effect of the back- 
ground luminance on the perceived segregation of 
element-arrangement patterns is to be explained also in 
terms of interactions among early cortical filters or in 
terms of processes relating to surface representation a d 
layout. He and Nakayama (1994), for example, have 
proposed that texture segregation is based on higher- 
order surface processing. To investigate this question we 
introduced crossed isparities o that the squares would 
be seen in front of the interspaces. This manipulation has 
little effect on the outputs of the early monocular cortical 
filters but strongly affects urface representation. 
Method 
The procedure was the same as in Experiments 1-3 
except as noted. The background luminances were 
0.01 ft L (black) and 19.8 ft L (white). Luminances were 
measured with a Minolta M-110 spot meter. The stereo 
patterns were composed of 12 rows and columns of red 
and blue squares et at 1.0 ft L. The CIE coordinates for 
the red and blue were as in all experiments. There were 
four experimental stimuli: red and blue squares in front of 
black and white backgrounds (crossed isparity), and red 
and blue squares in the same plane as the backgrounds 
(zero disparity). On both the black and white back- 
grounds, in the area to be occupied by the element- 
arrangement patterns, 100 green squares (1.0 ft L) nine 
pixels on a side were first randomly placed. The element- 
arrangement patterns composed of red and blue squares 
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FIGURE 12. Results of Experiment 6. Top row: Mean rated segregation in Experiment 6. Middle and bottom rows: Individual 
data. 
16 pixels on a side were drawn over the green squares. 
The edge to edge distances between the red and blue 
squares in the patterns were 12 pixels and edges of the 
green squares extending into the interspaces were visible. 
The green squares were at zero disparity and served to 
provide enough edge-disparity information for the back- 
ground to be perceived stably behind the red and blue 
squares in the crossed-disparity condition. The green 
squares were present on both the crossed disparity and 
zero disparity stimuli. The disparity was 14 min arc. 
The four experimental patterns were presented in two 
orders to each observer. The orders were chosen to 
facilitate detecting differences resulting from the zero 
disparity and crossed disparity conditions, and from the 
black and white backgrounds. To maximize sensitivity to 
the effects of the depth differences, the stimuli were 
presented first in the order: white background zero 
disparity, white background crossed disparity, black 
background zero disparity, black background crossed 
disparity. To maximize sensitivity to the effects of the 
background luminance, the stimuli were presented 
second in the order: white background zero disparity, 
black background zero disparity, white background 
crossed disparity, black background crossed disparity. 
Subjects made five judgments of each of the stimuli 
presented in each of the two orders. 
The stereo images displayed on the CRT monitor were 
viewed by means of a stereoscope. Before rating the 
perceived segregation, a subject was asked to report 
whether the red and blue squares were seen in front of or 
in the same plane as the background. A 3 sec presentation 
time was chosen since it allowed subjects to be confident 
in both reporting the perceived depth and rating the 
perceived segregation. All subjects were given practice in 
viewing the stimuli through the stereoscope and readily 
saw the squares in front of the background in the crossed 
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FIGURE 13. Interactions between achromatic mechanisms as umed to 
account for the segregation f achromatic element-arrangement 
patterns. Horizontally oriented mechanisms have stronger inhibition 
than similarly oriented mechanisms, a  indicated by the thicker lines 
and larger minuses. 
disparity condition and in the same plane as the 
background in the zero disparity condition. Five subjects 
participated in the experiment. 
Results and discussion 
In all trials all subjects reported seeing the squares in 
front of the background in the crossed disparity 
conditions and in the same plane as the background in 
the zero disparity conditions. The ratings were similar 
with the two presentation orders and the data pooled. 
Figure 12 presents both the ratings of the individual 
subjects and the mean ratings. Perceived segregation was 
strong when the background was black and weak when 
the background was white, irrespective of the perceived 
depth of the squares. The effect of background luminance 
was significant [F(1,4) = 64.42, P < 0.01]. The disparity 
manipulation was also significant [F(1,4)= 13.10, 
P < 0.05]. Seeing the red and blue squares in front of 
the black and white backgrounds improved perceived 
segregation. However, the ratings of perceived segrega- 
tion when the squares were seen in front of the black and 
white backgrounds were similar to the ratings with these 
backgrounds with zero disparity. In particular, the 
perceived segregation when the red and blue squares 
were seen in front of a white background is more similar 
to the ratings when the squares were seen in the same 
plane as the white background, than when the squares 
were seen in the same plane as the black background. A 
white background strongly interferes with perceived 
segregation, even when the red and blue squares are seen 
in a plane located clearly in front of the background. 
He and Nakayama (1994) proposed that the surface 
representation not only influences perceived texture 
segregation, but that there is no direct influence from 
early filtering stages on texture segregation. They suggest 
that changes in perceived segregation when perceived 
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depth relations are changed by manipulating binocular 
disparity argue that the mechanisms of texture segrega- 
tion depend on "higher level" surface representation 
processes, since such manipulations affect the retinal 
image in only minor ways and do not greatly affect the 
responses of early cortical mechanisms. Our results were 
that segregation is greatly impaired even if the red and 
blue squares are seen in front of a white background. This 
argues that the outputs from early monocular cortical 
processes can in some instances control perceived texture 
segregation. What is suggested is that perceived epth 
due to stereoscopic cues does not change the information 
used for texture segregation a d therefore does not affect 
perceived segregation. 
Stereoscopic cues that change the information used for 
texture segregation through amodal completion affect 
perceived segregation i element-arrangement patterns. 
For example, high luminance white horizontal ines 
impair perceived segregation i  an element-arrangement 
pattern (Beck, 1994). Our ongoing observations indicate 
that if the white lines are seen in front of the squares, 
perceived segregation greatly improves because of 
amodal completion. In the top striped region, one 
perceives the red and blue squares as amodally complet- 
ing behind the horizontal lines and perceived segregation 
is strong. In summary, the surface representation may or 
may not affect perceived segregation, depending on the 
way the information is used. Perceived segregation can 
be a function of early visual processing and not modified 
by changes in the surface representation r it can be 
modified by the surface representation. 
GENERAL DISCUSSION 
The interference of high luminance interspaces with 
perceptually segregating the striped and checked regions 
is not directly explainable by spatial filtering mechanisms 
alone. Two kinds of explanation may be proposed. One 
explanation is in terms of intracortical inhibition. 
Inhibitory mechanisms triggered by the luminance of 
the interspaces interfere with perceptual segregation. A 
second kind of explanation is that the luminance of the 
interspaces interferes with the grouping processes that are 
involved in object and surface representations. The first 
explanation is suggested by the findings that: (a) the 
interference is to a large extent a function of the ratio of 
the luminances of the interspaces to the squares 
(Experiments 2 and 3); (b) perceived segregation 
increases with the contrast ratio of the squares (Experi- 
ment 3); (c) high intensity interspaces interfere with 
perceived segregation based on the arrangement of the 
squares but not based on the alignment of the squares 
(Experiment 4); (d) for all hue pairs, perceived segrega- 
tion is impaired by high luminance interspaces but not by 
low intensity interspaces; (e) introducing binocular 
disparity so that the squares are seen in front of a high 
intensity background fails to greatly improve perceived 
segregation (Experiment 6). Variable gain control 
mechanisms would make the interference a function of 
the ratio of the luminances of the interspaces and the 
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FIGURE 14. Interactions between chromatic mechanisms that 
potentially can account for the segregation of chromatic element- 
arrangement patterns. Top: Modified Type II cells of Ts'o and Gilbert 
(1988) and Ts'o (1989). Bottom: Display regions that generate cell 
responses. Squares on left and right parts of the diagram code the same 
position in space. Left: Modified Type II ceils are excited by individual 
squares and are inhibited by the background. Right: Oriented 
chromatic mechanisms gather their inputs from modified Type II cells. 
squares. Also these mechanisms would make the 
difference in the responses of the cells a function of the 
ratio of the contrasts of the squares. The failure of the 
interspace luminance to affect judgments of alignment 
suggests that the interference occurs before pattern 
elements are differentiated and grouped into objects 
and surfaces. This is also suggested by the failure of 
disparity which causes apattern to be seen in front of the 
interspaces to greatly reduce the interference. Together 
these findings suggest hat the perceived segregation of 
element-arrangement patterns is primarily the result of 
the response of concentric and simple cell-like mechan- 
isms that are governed by light adaptation and intracor- 
tical inhibition. 
The interference of the interspace luminance with 
perceived segregation in achromatic element-arrange- 
ment patterns is a function of contrast (Beck et al., 1991; 
see Fig. 8). That is, both high intensity (white) and low 
intensity (black) interspaces impair perceived segrega- 
tion. One explanation of perceived segregation in 
achromatic element-arrangement pat erns i  that complex 
cells that respond to the luminance contrast between the 
squares and the interspaces inhibit the responses of the 
simple cells sensitive to the arrangement of the squares. 
To account for the differential effect of horizontal and 
*An alternative explanation for the difference between chromatic and 
achromatic segregation is based on the wavelength selective cells 
reported by Creutzfeld et al. (1979) (see also Nothdurft & Lee, 
1982). Narrow-band cells are excited by narrow-band stimuli and 
inhibited by white light. The two major representatives of cells in 
the narrow-band group are sensitive to blue and red. Wide-band 
cells are excited by wide-band stimulation and respond strongly to 
white light. The high luminance interference effect may be related 
to the behavior of narrow-band cells while achromatic segregation 
may be subserved by wide-band mechanisms. 
vertical interspaces reported by Beck (1994), inhibition 
needs to be stronger for orthogonally oriented complex 
cells than for complex cells with similar orientations to 
those of the simple cells. Burr et al. (1981) and Morrone 
et al. (1982) have proposed that complex cells inhibit 
simple cells whose preferred orientation is orthogonal to 
that of the complex cells. Figure 13 illustrates the 
proposed interaction between complex cells and simple 
cells in achromatic element arrangement patterns. The 
two vertically oriented simple cells respond to the light 
and dark squares in the striped region while diagonally 
oriented simple cells (not shown) respond to the diagonal 
columns of light and dark squares in the checkerboard 
region. The responses of the simple cells are inhibited by 
complex cells stimulated by the interspaces. The assumed 
greater inhibition of the orthogonally oriented complex 
cell is indicated by thicker lines and minuses. 
The proposed explanation for achromatic element- 
arrangement patterns cannot be directly extended to 
chromatic patterns for two reasons. First, the explanation 
requires oriented receptive fields which have not been 
commonly reported in the physiological literature. 
Researchers typically report that wavelength selective 
cells have a center-surround organization. It should be 
noted though that simple and complex wavelength- 
selective cells have been, in some cases, reported in V1 
(Hubel & Wiesel, 1968; Michael, 1978a,b; Gouras & 
Kruger, 1979; Michael, 1979, 1981, 1985; Livingstone & 
Hubel, 1984; Ts'o & Gilbert, 1988; Ts'o, 1989). A 
second difficulty, however, is that the interference with 
chromatic patterns is a function of the luminance of the 
interspaces and not of their contrast. High luminance 
(white) interspaces interfere with perceived segregation 
but low luminance (black) interspaces do not. Complex 
cells typically respond to contrast. 
An alternative xplanation is possible in terms of a 
modified Type II blob cell reported by Ts'o and Gilbert 
(1988). A modified Type II cell has a color-opponent 
center and a broad-band inhibitory surround. Figure 14 
shows how modified Type II cells respond to a vertical 
arrangement of squares: they are excited by the colored 
squares in the center and inhibited in the surround by the 
background---assuming that their cell centers are of the 
size of individual squares. Since modified Type II cells 
are unoriented and can only respond to individual 
squares, they cannot alone provide the basis for 
segregation. It is further assumed, then, that they provide 
inputs to oriented mechanisms that can pick up the 
vertical and oblique arrangements of squares. High 
luminance backgrounds suppress the responses of 
modified Type II cells. Since the oriented mechanisms 
depend on these cells to produce segregation, high 
luminance backgrounds will diminish or abolish per- 
ceived segregation. Although no systematic study has 
evaluated whether modified Type II cells respond to the 
ratio of center and surround activations, there is some 
evidence that the suppression depends on overall 
luminance (Ts'o, 1994, personal communication).* 
The explanation i terms of modified Type II cells does 
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not directly account for the greater interference of 
horizontal interspaces with perceived segregation than 
of vertical interspaces. It is possible to interpret the 
scheme shown in Figure 14 in two different ways. First, it 
is possible to interpret the oriented chromatic mechan- 
isms in terms of known cell types. For example, these 
could be oriented wavelength selective cells such as 
simple and complex cells. Another interpretation of the 
illustration in Figure 14 is in terms of more abstract 
grouping processes in which modified Type II cells 
would be part of the neural circuit that implements the 
grouping of individual squares into oriented "lines" of 
elements (Grossberg, 1994). Perceived segregation due to 
the grouping of the squares based on hue requires further 
processing in which the individual squares are differ- 
entiated from each other and the hues of the squares 
specified. In this interpretation horizontal lines might be 
expected to interfere more with perceived segregation 
than vertical lines. However, one might expect in such a 
case for the interference to disappear if the squares are 
seen in a different plane. This suggests that both filtering 
and grouping factors may be involved in ways that are not 
presently understood. The observation that amodal 
completion improves perceptual segregation indicates 
that differences in object properties resulting from 
perceptual organization can give strong segregation. This 
possibility would be a chromatic analog of the kind of 
linking described by Beck (1983). 
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